Forest fragmentation affects bird populations in many ways, modifying the composition of communities and favouring open country species. The Atlantic Forest is considered one of the most important biomes in the world, due to its great biodiversity, accelerated rates of deforestation, and high endemism. Despite these characteristics, few studies have evaluated the effects of forest fragmentation in the genetic structure of Atlantic forest bird populations. So, this study aims to verify the effects of forest fragmentation in the genetic population structure of Conopophaga lineata, through RAPD markers. To achieve this goal, 89 C. lineata individuals were captured in nine Atlantic Forest fragments in Minas Gerais State. The RAPD data indicate that forest fragmentation has not affected the genetic variation of C. lineata populations (Mann-Whitney U = 3.50; p = 0.11). Great part of the genetic variability of this species is found within populations and it was not observed a correlation between genetic and geographic distance (Mantel test t = 0.6250; p = 073). UPGMA analyses did not show defined clades and all branches showed low statistical support. The low population differentiation observed in this species can be due to a high gene flow among populations or a recent fragmentation. Thus, the current diversity status of C. lineata populations indicates that this species is not significantly affected by fragmentation. However, more genetic studies are essential to improve conservation strategies of Brazilian Atlantic Forest birds.
we (1) evaluated the intra and inter population genetic variability of C. lineata, (2) estimated the number of migrants among the populations, (3) verified if the genetic variability is correlated to fragment size, and (4) verified if there is correlation between geographic and genetic distance.
Material and Methods

Study area
The present study was carried out from August 2000 to November 2001. Rufous Gnateaters were captured using mist nets at five locations in Minas Gerais State, Brazil (Figure 1 ). In each location, two fragments were sampled (totaling 10 fragments): a large one (>1,000 ha) and a small one (10-30 ha) (Table 1) , which were, at least, 1 km apart from each other. However, in the large fragment of Caratinga, no individual was captured (see Table 1 ). Fragments were surrounded by a matrix of monocultures or pasturelands. It is believed that 100 meters of open area would be enough to create a barrier to the dispersal of several understory forest birds (Kattan et al., 1994) . Since all of the localities sampled in this work were at least 1 km apart from the nearest fragment, all of them were considered as an isolated population. Captured birds received a metal band provided by CEMAVE/IBAMA, Brazil. The capture effort was the same in all localities.
Sample and extraction of DNA
Blood samples were collected (~0.1 mL) from the tarsus vein, and kept in 70% ethanol at 4 °C for posterior laboratory analysis. Genomic DNA was isolated from blood samples through a standard phenol/chloroform technique, precipitated with ethanol, and ressuspended in TE buffer (Tris-EDTA) (Sambrook et al., 2001 ).
Introduction
Severe changes in habitat's physical structure and conditions are caused by forest fragmentation, increasing the amount of borders and light incidence in core area, and, in addition, reducing humidity (Soulé, 1986) . For a long time, it has been known that these effects result in loss of biodiversity by modifying the communities and reducing the number of species (Anjos and Boçon, 1999; Marini, 2001) . When the matrix surrounding forest fragments becomes a barrier to organisms' dispersion, fragmentation can cause geographic isolation of populations (Haig and Avise, 1996; Frankham et al., 2002) . This isolation reduces gene flow, which can lead to a loss of within-population genetic variability and an increase of between-populations genetic differentiation, due to the effects of inbreeding and genetic drift (Bates, 2000) . Loss of genetic variability reduces populations' reproductive fitness and their adaptability to environmental changes, extreme weather conditions, presence of pollutants, diseases, pests, and parasites (Primack and Rodrigues, 2000; Margis et al., 2002) .
Neotropical birds are believed to be more sedentary than temperate species, which makes them more susceptible to forest fragmentation effects (Bates, 2000) . The knowledge on genetic factors, such as diversity and gene flow, is useful for a better understanding of the impacts of anthropogenic activities on bird populations (Haig and Avise, 1996) . In the last decades, a great discussion has occurred about the effects of fragmentation in small and isolated populations (Bouzat, 2001 ). However, only few studies have demonstrated the effects of habitat fragmentation in the genetic variability of continental Passeriformes populations (Bouzat, 2001) .
The Brazilian Atlantic Rain Forest originally presented an area of 1.1 million km 2 and covered a large extension of the Brazilian coast. Nowadays, this biome is considered one of the world's most important conservation hotspots areas, due to its high levels of endemism and degradation, and it presents only 5% of its original area (Myers et al., 2000) . Most of the remaining forested areas are located in regions of steep topography, where agriculture and cattle ranching are not economically viable.
Rufous Gnateater (Conopophaga lineata) (Conopophagidae: Passeriformes) (Weid, 1831) is a small understory insectivorous bird. This species is distributed in tropical and subtropical forests of South America (Sigrislt, 2005) , from Paraguay and northeast Argentina to northeast Brazil (Sick, 1997) . Despite its large distribution, few studies have been accomplished to understand its biology and ecology (Willis et al., 1983; Sick, 1997) . Its wide distribution along the Atlantic Forest, its usually high abundance, and the facility to catch this animal in mist-nets, make this species an excellent model for studies concerned to the effects of forest fragmentation in the genetic variability of Neotropical species.
In this study, RAPD markers were used to evaluate the effects of forest fragmentation in the genetic variability of Conopophaga lineata populations. In particular, (Excoffier et al., 1992) . Although originally designed for haploid data (mitochondrial DNA), the AMOVA has been successfully applied to the analysis of RAPD phenotypes (Huff et al., 1993; Palacios and González-Candelas, 1997; Mockford et al., 1999) . A nonparametric permutation procedure tests the significance of differences between populations by simulating methods in which individuals are randomly reallocated into populations, and the null distribution of each variance component is estimated from 1,000 independent runs of this process (Excoffier et al., 1992) . The WinAMOVA produces a matrix of pairwise Φ ST values (an F ST analogue), which was used to estimate the effective number of migrants (Nm) between populations [Nm = 0.25 (1/ F ST -1); Wright, 1951] . Nei genetic distance was calculated through TFPGA (Tools for Population Genetic Analysis, www.marksgeneticsoftware.net/tfga.htm), to construct an UPGMA tree with bootstrap confidence tests in Paup 3.0 (Swofford, 2002) . Genetic variance of each population was obtained through the square sum given by WinAMOVA 1.55 program divided by the degrees of freedom of each population, which were obtained by subtracting 1 to the number of individuals sampled in the populations (N-1). To test if fragment size affects the genetic variability of the populations, we used Mann-Whitney Test and compared the genetic variance of the populations from larger and smaller fragments in each location.
We estimated the geographic distances between populations by measuring the linear distance between pairwise fragments. Then, we used Spearman correlation test to compare Nm (estimated number of migrants) and
RAPD-PCR Procedures
Amplifications were carried out in 12.5 µL final volume containing: 1x Taq polymerase buffer (10 mM Tris-HCl pH 8.3, 50 mM KCl), 2.5 mM MgCl 2 , 200 µM dNTPs, 1 µM primer, 1 U of Taq polymerase, and 20 ng of genomic DNA. PCR reactions were performed on a PTC-100™ (M.J. Research, Inc.) thermocycler, using the following conditions: an initial denaturation step of 95 °C for 1 minute, followed by 35 cycles of 94 °C for 20 seconds, 36 °C for 1 minute, 72 °C for 1 minute, and a final extension of 72 °C for 7 minutes. Negative controls, in which DNA was omitted, were included in each run in order to verify the absence of contamination. Amplification products were analyzed by electrophoresis in 6.0% acrylamide gels, made with 1x TBE buffer. The bands were visualized by silver staining (Santos et al., 1996) . Fragment sizes were estimated using a 100-bp ladder (Life Technologies), and the primers that consistently produced sharp and reproducible RAPD products (bands), over two independent runs, were chosen for this study. In each gel, PCR products for profiles that were known from previous gels were used as positive controls. This procedure allowed comparing the gels and monitoring the reproducibility of the technique throughout the experiment. The few non-reproducible bands, i.e. those bands that fail to reproduce after the two independent runs of the pilot study, and the bands that appeared in the positive controls, were not considered for the analysis.
Statistical analyses
Each band was considered as an independent locus, and those that co-migrated were assumed to be homologous. For the analysis, a matrix of RAPD phenotypes was assembled, in which RAPD bands were scored as present (1) or absent (0). Weak bands were considered artifacts and were not included in the band scores for statistical analyses.
A pairwise Euclidean distance matrix was generated using the program AMOVA-PREP (obtained from Dantas, GPM., Santos, FR. and Marini, MÂ. with genetic markers applied to analyze the effects of fragmentation in neotropical species populations. Despite the fact that tropical ecosystems show the greater species diversity in the world, little is known about the genetic structure of birds' populations from these ecosystems (Bates, 2000) . The genetic variation within and between populations is fundamental in keeping the evolutionary process (Zink et al., 1987; McCauley, 1991) . The reduction of the intra-population genetic variability can be the result of stochastic events associated with small population size and inbreeding (Souza et al., 2002) . It is expected that fragmentation reduces population size and, consequently, increases inbreeding effects.
However, our data indicate that a great part of the total genetic variability of C. lineata populations is found within the populations (87.75%) and a smaller amount of genetic divergence can be found between populations (10.77%) and also between regions (1.48%). The calculated Φ ST for C. lineata was 0.122, though not significant. The lack of population structure was corroborated by the UPGMA analysis, which showed that there is no relationship between genetic differentiation and the geographic distances between C. lineata populations. Besides, the low genetic differentiation observed in C. lineata can be the result of a high gene flow among populations or due to a recent fragmentation. Altogether, these results indicate that C. lineata populations in Minas Gerais State represent a single panmitic population.
Several birds show low population structure, because they are vagile organisms (Crochet, 2000; Caizergues et al., 2003) . The migration is a potent force against gegeographic distances, and the Mantel test implemented in Arlequin (Excoffier, 2006) to compare Nei genetic distances and geographical distances.
Results
We used 10 individuals of C. lineata from different localities in the Minas Gerais State, in order to test 30 RAPD primers. Only five primers generated clear and reproducible bands: primer 04 (CCCGCGGCCTATGAG), primer 13 (CCAGGGTGAGCGGCT), primer 27 (CAGGCCCCGAACAAT), primer 29 (GCACGCATGGTTTGC), and primer 30 (CCCCGAGAAGCCTGA).
We scored 114 markers (bands) in 89 C. lineata individuals -16 monomorphic and 98 polymorphic -which corresponded to 85.96% of polymorphism. All bands were included in the analyses and they showed a size between 250 and 1,600 base pairs (bp). Each individual showed a distinct band pattern considering the results of all primers together, as well as considering the data obtained with each primer separately. No exclusive bands were found for any population.
A great part of the genetic variation (87.75%) was found within the C. lineata populations (Table 2 ) and the genetic differentiation among regions of the Minas Gerais State was small (1.48%). The calculated fixation index was moderate but non-significant (Φ ST = 0.122, p = 0.18).
It was not found a significant difference in the genetic variance of populations when comparing small and large forests fragments (Mann Whitney test; U = 3.50; p = 0.11) (Figure 2 ). The Spearman correlation between the number of migrants and the geographical distance was low but significant (Spearman Rank Correlation, r = -0.23; p < 0.01). However, the Mantel test used to evaluate the correlation between genetic and geographic distances has not shown any significant result (Mantel t-test = 0.6250; p = 0.73). The UPGMA analysis did not show association between geographical and genetic distribution (data not shown).
Discussion
Some researches have demonstrated that RAPD results were similar to the outcomes of other genetic markers such as allozymes, RFLP, and mitochondrial DNA (Crochet, 2000; Kjolner et al., 2004) . In this study, this marker showed reproducibly, which allowed important inferences on the genetic structure of one Passeriformes species from the Atlantic Forest. This is the first study ary forests and forest borders (Sick, 1997) . We observed a higher capture of individuals in small fragments than in the larger ones, and this fact can indicate that populations in small fragments can be at least as numerous as the populations in the larger fragments. However, rare species can show other patterns and the forest fragmentation can be affecting these species in more severe ways. Lunardi (2004) studied Conopophaga melanops, that is restrict to forest habitat, in one transect of 250 km along the Atlantic Forest at São Paulo State. He observed that C. melanops is more sensitive to fragmentation, showing statistically significant differences along the transect. Species composition in small fragments is usually a sub sample of the assemblage in the larger fragments, and local extinction post fragmentation is not a random process (Kattan et al., 1994) . The extinction of several species in small fragments can be related with the reduction of food resources and the availability of reproductive and foraging areas, with loss of genetic variability, and the capacity to adapt to extreme environmental conditions. The results of this study increase the conservation alternatives for this species. So far, it is of general agreement that forest fragmentation is affecting species in different ways: generalist and specialist species. Generalist species can be able to adapt to changes in the environmental conditions, keeping their populations with viable numbers, while specialist species can be extremely sensitive to forest fragmentation. Thus, future studies with neotropical birds with different life styles from the Atlantic Forest are extremely important to a better understanding of the effects of forest fragmentation in these animals.
Acknowledgments -This study was developed in the graduate program of 'Ecologia, Conservação e Manejo da Vida Silvestre' -UFMG, with support from USFWS, CNPq, and CAPES. Fieldwork was funded by a grant from CNPq to MÂM and lab work was funded by the Brazilian Long Term Ecological Research grant from CNPq to FRS. We would like to thank the owners and administrators for their permission to collect in their properties, and IBAMA for collecting and banding permits. We are especially grateful to L. Lopes, A. Fernandes, and F. Sebaio for help in the field and D. Lacerda and R. Redondo for technical help in the laboratory. MJF. Silva, C. Miyaki, C. Jacobi and B.
netic divergence among populations (Hartl and Clark, 1989) . However, organism dispersion is directly affected by distance and by the matrix that involves the fragments (Frankham et al., 2002) . Bates (2000 Bates ( , 2002 observed that fragmentation effects in the genetic diversity of Amazonian understory Passeriformes seem to be related with the capacity of locomotion of the species.
We found a low and negative correlation between the number of migrants and the geographical distance between the populations (r = -0.23), which can indicate that individuals can be dispersing across the matrix among forest fragments (Table 3 ). This conclusion is in agreement with Ribon (1998) since he observed that C. lineata and Thamnophilus caerulescens were the only understory species that remained in all the Atlantic Forest fragments. This author also observed that these species were also found in small fragments, so he suggested that these species should frequently move through open areas.
Other explanation to the lack of population structure observed in Minas Gerais State could be related to the time of isolation of these populations. There is still no consensus about the time needed to habitat fragmentation to cause changes in the genetic structure of populations. Some argue that recent fragmentation, i.e. less than 200 years, may not cause an effect in the genetic structure of the populations (Haig et al., 1994; . Other authors believe that the decline of genetic variability after the reduction of a population can be observed after 50-100 generations (Tarr and Fleischer, 1999) . However, the fragmentation process is occurring since the year 1500, when Brazil was discovered, but the intense fragmentation in the studied region is recent (<100 years). As so, it is possible that the isolation time was not sufficient to cause the differentiation of the populations.
The size of the fragments has not affected the genetic variability of C. lineata (U = 3.50; p = 0.11) (Figure 2 ). We did not find significant difference between the genetic variance of populations comparing small and large fragments. Conopophaga lineata is a generalist species, capable of using great diversity of food resources. This species has survived in disturbed areas, such as second- 
